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ABSTRACT 

High-time reso lu t ion  x - r w  equipment flown from Ft .  

Churchill ,  Manitoba, Canada on August 11, 1965 provides evi-  

dence f o r  species  of aurora l  zone x-ray microbursts with an 

asymmetric time p r o f i l e .  These asymmetric microbursts a r e  

character ized by a r i s e  of t he  form 1 - e-t/TR where T~ i s  about 

30 milliseconds,  and a decay of the  form of  e-t/7n where T~ i s  

about 200 mil l iseconds,  and a typ ica l  peak f l u x  f o r  t he  l a r g -  

e s t  events of  J o (Ex-ray > 60 keV) - 10 photons cm-* see-’at 

10g/em . An episode of these asymmetric b u r s t s  was observed i n  t h e  

e a r l y  morning hours ( a f t e r  4:30 l o c a l  t h e )  and an episode of 

t h e  more common symmetric microbursts began a f t e r  9:30  l o c a l  

time. 

mil l iseconds i n  t h e  x-ray burs t s  observed at d i f f e r e n t  energies  

implies  r e s t r i c t i o n s  on t h e  nature,  and propagation of t h e  

parent  e lec t ron  microbursts.  

2 

2 

The fast r i s e  times, and t h e  lack  of dispers ion ,> 10 
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INTRODUCTION 

Numerous rocke t  and balloon studies i n  t h e  au ro ra l  zone 

have inves t iga t ed  t h e  bremsstrahlung x- rad ia t ion  produced by 

e l ec t rons  impinging upon t h e  upper atmosphere. With t h e  a v a i l -  

a b i l i t y  of d a t a  from charged p a r t i c l e  de t ec to r s  on polar  satel- 

l i t es ,  measuring p r e c i p i t a t e d  e lec t rons ,  i t  i s  now poss ib l e  t o  

i n v e s t i g a t e  t h e  behavior of both t h e  parent  e l ec t rons  and t h e  

daughter b r  em s s tr ahlung x-rays . 
This  study r e p o r t s  on a po r t ion  of t h e  d a t a  obtained during 

a series of seven bal loon f l i g h t s  made from For t  Churchi l l ,  Canada, 

of balloon-borne sc in t i l l a to r -pho tomul t ip l i e r  x-ray de tec to r s .  

The geographic coordinates  o f  t h e  ba l loon  launch s i t e  are 58.75"N 

and 94.0g"W (L  = 8.66). 

during a bal loon f l i g h t  which commenced a t  0225 UT on August 11, 

1965, during a pe r iod  of r e l a t i v e l y  low geomagnetic a c t i v i t y .  

The I n t e r n a t i o n a l  P lane tary  Index f o r  geomagnetic a c t i v i t y ,  K 

was 1 o r  less during t h e  e n t i r e  f l i g h t  per iod .  

The data  of i n t e r e s t  here in ,  were obtained 

P' 

0 

The ba l loon  reached a c e i l i n g  a l t i t u d e  of 110,000 f e e t  at 

2315 l o c a l  t i m e  (0515 UT)  and t h e r e a f t e r  d r i f t e d  i n  a west-south- 

wes ter ly  d i r e c t i o n .  

p e r i o d  of 1 5  hours, during which u s e f u l  d a t a  were acquired a t  t h e  

It remained above 106,000 f e e t  during t h e  
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te lemetry rece iv ing  s t a t i o n .  Table 1 gives t h e  pos i t i ons  of t h e  

bal loon during t h e  per iod  of i n t e r e s t ,  namely 0700-1700 UT 

(0100-1100 LT) and t h e  L coordinate corresponding t o  t h e  pos i t i ons .  

Also given, f o r  comparison, are t h e  L values f o r  p l aces  from which 

o the r  x-ray experiments have been flown before .  
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INSTRUMENTATION 

The de tec t ion  system, i l l u s t r a t e d  i n  Figure 1, cons is ted  

of a 5 inch diameter, ha l f  inch t h i c k  N a I ( T 1 )  s c i n t i l l a t i o n  

c r y s t a l ,  viewed by a Dumont 6364 photomul t ip l ie r  of  t h e  same 

diameter. The geometric f a c t o r  of t h e  de t ec to r  f o r  x-rays 

i s o t r o p i c  over t he  whole of t h e  up2er hemisphere, was 476 cm ster.  

A l u c i t e  l i g h t  p ipe ,  of t h e  same dimensions as t h e  c r y s t a l ,  

separated t h e  c r y s t a l  and t h e  phototube by 2 cm, i n  order  t o  

minimize the  e f f e c t s  of photocathode non-uniformities upon 

t h e  energy r e so lu t ion  of t h e  system. 

2 

The photomult ipl ier  EKC was suppl ied from a r egu la t ed  

DC converter ,  which i n  tu rn  obtained i t s  power from a s e r i e s  

of mercury b a t t e r i e s .  The whole high vol tage  system w a s  

vacuum p o t t e d  t o  e l imina te  t h e  p o s s i b i l i t y  of corona. A 

p-metal s h i e l d  enclosed t h e  photomult ipl ier  dynode chain and 

t h e  photocathode, and t h i s  minimized t h e  pe r tu rba t ion  of t h e  

e l ec t ron  o r b i t s  and hence t h e  photomult ipl ier  gain,  by t h e  

e a r t h ' s  magnetic f i e l d .  The complete de tec tor  system was 

observed t o  y i e l d  a r e so lu t ion  of 50% FWHM f o r  t h e  32 keV 

137 x-ray from Cs . 
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After  l i n e a r  pu lse  amplif icat ion,  t h e  photomult ipl ier  

pu lses  were a p p l i e d ' t o  a t h ree  window pulse  height  analyzer, 

with contiguous windows s e t  t o  20-40 keV, 40-60 keV, and 

> 60 keV. The energy ca l ib ra t ion  of each window w a s  adjusted,  

p r i o r  t o  f l i g h t ,  using known monochromatic x-ray sources, and 

a 400 channel pu lse  height  analyzer operat ing i n  t h e  coincidence 

mode. Each of t he  outputs from t h e  th ree  window pulse  height  

analyzer was f ed  t o  i d e n t i c a l  logari thmic count-rate  meters, 

and a l so  t o  a t h r e e  pos i t i on  subcommutator which sampled each 

of the  th ree  pulse  r a t e s  for  a minute a t  a time. The output 

from t h e  subcommutator w a s  f ed  t o  a binary s c a l e r  with outputs  

at sca l ing  f a c t o r s  of 64 and 1024. The counting r a t e  meter 

ou tputs ,  and t h e  two sca l e r  outputs were f ed  t o  separate  FM 

subcar r ie r  o s c i l l a t o r s ,  which were used t o  modulate t h e  t e l e -  

metry t r ansmi t t e r ,  de l iver ing  a power of 0.25 watts i n t o  

a v e r t i c a l l y  polar ized  coaxial  s leeve antenna at 72 mc/sec. 

The response time of t he  counting r a t e  meter c i r c u i t s  

was determined t o  be 3 mill iseconds for an instantaneous increase  

i n  pulse  input  r a t e .  

c a l i b r a t e d  p r i o r  t o  f l i g h t ,  and t h e  two binary sca l e r  outputs 

Each count r a t e  meter was indiv idua l ly  
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were used t o  provide an i n f l i g h t  check of t h e  c a l i b r a t i o n s .  An 

i n f l i g h t  c a l i b r a t i o n  of t h e  subcar r ie r  o s c i l l a t o r  s t a b i l i t y  was 

a l s o  provided by sampling a s t a b i l i z e d  square wave input  pe r iod i -  

c a l l y  throughout t h e  f l i g h t .  
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OBSEXVATIONS 

The f i r s t  s i x  hours of x-ray da ta  obtained a f t e r  t he  

bal loon a t t a i n e d  c e i l i n g  a l t i t u d e  were r a the r  f ea tu re l e s s .  

Beginning at 1028 UT (0428 LT) and over a per iod  of 6-1/2 

hours, however, t he  data revealed a grea t  v a r i e t y  and number 

of f a s t  time va r i a t ions  of auroral  zone x-ray a c t i v i t y .  The 

magnetometer records at Fort  Churchi l l  showed no appreciable 

magnetic a c t i v i t y  during t h i s  period, nor d id  t h e  riometer 

r e g i s t e r  any event. 

dayl ight  hours, no v i s u a l  confirmation of t h e  presence of 

aurorae was poss ib le .  

Since these  x-ray events occurred during 

Figures 2 and 3 presents  a number of t y p i c a l  f a s t  r i se - t ime 

x-ray bu r s t s .  

events emerging from the  background and i n  t r a i n s  occurr ing i n  

c lose  succession with an apparent p e r i o d i c i t y  of approximately 

0.6 second. When two follow each other  very closely,  t h e  r e s u l t  

i s  a compound s t r u c t u r e  i n  which the  two leading  edges can usu- 

a l l y  be discerned. Furthermore, t h e r e  a re  a l so  per iods of com- 

p l e x  a c t i v i t y  during which t h e  absolute x-ray f l u x  i s  so high 

t h a t  any attempt at  i s o l a t i o n  of such b u r s t s  i s  f u t i l e ,  although 

They appear i n  l a rge  numberg both as i s o l a t e d  
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one does see ind ica t ions  of t h e  superposit ion of ind iv idua l  

bu r s t s .  The o v e r a l l  fea tures  of t hese  b u r s t s  are ,  i n  general ,  

similar t o  those t h a t  have been reported and discussed pre-  

viously by Anderson and Milton [19641 bad Anderson [19651, who 

have named them microbursts,  Parks [1967], and seve ra l  o ther  

authors.  In  view of t h e  f a c t  t ha t  t h e  b u r s t s  observed during 

t h e  f l i g h t  reported here in  a r e  also devoid of subs t ruc ture  and 

a r e  of t h e  same time sca le ,  we adopt t h e  same terminology of 

microbursts,  s ince  t h e r e  i s  enough general  evidence t o  show 

t h a t  t he  bursts herein described belong t o  t h e  same general  

category of  those observed by Anderson and Milton [1964]. 

The microbursts a c t i v i t y  appears i n  two time i n t e r v a l s ,  

separated by 1-3/4 hours of l i t t l e  a c t i v i t y ,  t h e  two per iods  

containing b u r s t s  having s ign i f i can t ly  d i f f e r e n t  charac te r i s -  

t i c s .  During t h e  e a r l i e r  epoch of a c t i v i t y ,  1027-1355 UT (0427- 

(0755 LT) ,  t h e  b u r s t s  have hard spec t ra ,  very fast r i s e  times and 

slower decay times and, as such, a r e  somewhat d i f f e r e n t  from 

t h e  more symmetric microbursts discussed by e a r l i e r  authors.  

Thr o r i g i n a l  recogni t ion of these asymmetric b u r s t s  represents  

t h e  f i r s t  time t h a t  such asymmetric microbursts have been 

repor ted  (Edwards e t  al .  [19661). Later,  during t h e  per iod  
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1540-1707 UT (0940-1107 LT) ,  t h e  charac te r  of t h e  observed micro- 

b u r s t s  i s  e s s e n t i a l l y  symmetric, t h e  events exh ib i t i ng  charac te r -  

i s t i c s  similar t o  t h e  microbursts repor ted  by Anderson and Milton 

[ 19641. An example of each of  the two types,  toge ther  with one of 

l e s s  severe asymmetric f e a t u r e s  (an intermediate  type)  observed i n  

t h e  l a t e  morning, i s  presented i n  Figure 4. 

Preceding the  i n i t i a l  onset of t h e  pe r iod  of microburst  

a c t i v i t y ,  a gradual increase  i n  the  background counting r a t e  o f  

t h e  23-40, 40-60, and > 60 keV energy channels w a s  observed. 

Such increases  p r i o r  t o  microburst epochs have a l s o  been repor ted  

by Anderson and Milton [1964]. 

t h e  peak i n t e n s i t i e s  of t he  asymmetric bursts observed by u s  a r e  

s i m i l a r  t o  those  of t h e  symmetric ones seen by Anderson and 

h i s  co-workers. I n  common with them, more than ha l f  t h e  peak 

-2 -1 f luxes  were l e s s  than 20 cm sec above background and only 

about one percent  of t he  asymmetric b u r s t s  had peak f luxes  i n  

excess of 60 cm sec 

It should be poin ted  ou t  t h a t  

-2 -1 2 a t  an atmospheric depth of 10 g/cm . 
Cer ta in  gross  f e a t u r e s  of t h e  x-ray events  emerge from a 

genera l  study of t h e  e n t i r e  data .  The occurrence of asymmetric 

microbursts  i s  seldom i so la t ed ,  bu t  continues over an extended 

pe r iod  of time. There seems t o  be no evident r e l a t i o n s h i p  
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between t h e  onse t  of  t h e  asymmetric microbursts  and t h e  na ture  of  

t h e  preceding x-ray a c t i v i t y .  I n  shor t ,  t h e  onse t  of  t hese  microbursts  

appears t o  be sudden and impulsive. It i s  observed t h a t  t h e  

asymmetric b u r s t s  a r e  more predominant i n  t h e  E > 60 keV channel 

than a r e  t h e  symmetric bu r s t s ,  i nd ica t ive  of a harder photon spec- 

trum. A peak f l u x  above previous background l e v e l  of 

J (E > 60 keV) 13 photons see  can be  observed i n  t h e  

E 3 60 keV channel during a l a r g e  asymmetric event.  The ind iv idua l  

microbursts  maintain t h e i r  i d e n t i t y  ( i .e .  t h e  r i s e  and decay 

t imes a r e  not  changed) desp i t e  superposi t ion upon one another, 

o r  upon a smooth background of x-ray a c t i v i t y .  The shortness  

of  t h e  c h a r a c t e r i s t i c  t i iL,es of the microbursts,  e spec ia l ly  t h e  

asymmetric va r i e ty ,  would appear t o  be of importance i n  t h e  

understanding of t h e  dynamic processes  respons ib le  f o r  t he  pa ren t  

p r e c i p i t a t i o n  phenomenon. 

t i g a t e  the  parent  p a r t i c l e  p r e c i p i t a t i o n ,  us ing  de tec to r s  on high 

l a t i t u d e  s a t e l l i t e s ,  and t h i s  has been done and i s  discussed i n  a 

companion paper (Oliven, e t  al. [1967]). 

-1 
0 

A l o g i c a l  s t ep  forward would be t o  inves- 

The present  study revea ls  a wide v a r i a b i l i t y  i n  t h e  r i s e  

t i m e  c h a r a c t e r i s t i c s  of  x-ray microbursts.  The asymmetric micro- 

b u r s t s  observed during ea r ly  morning hours a r e  charac te r ized  by 

r i s e  times, T~ of about 20-30 mill iseconds and by decay t i m e s ,  T of D 
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about 200 mil l iseconds where the  r i s i n g  and decay phases a r e  

represented by (1 - e-t/TR) and e-t/TD, respec t ive ly .  Through- 

ou t  t h e  per iod  of a c t i v i t y ,  one f ea tu re  not iced  was t h a t  t h e  

time of apparent durat ion of a burs t ,  namely the  per iod  during 

which i t  i s  v i s i b l e  above background from t h e  r i s e  t o  t h e  

apparent end of t h e  decay, was almost always between 300 and 

500 mill iseconds.  This f e a t u r e  i s  i n  agreement with a s imi l a r  

c h a r a c t e r i s t i c  of t h e  symmetric bu r s t s  observed by Anderson and  

Milton [1964] whose f l i g h t s  were from F l in  Flon a t  L = 6.1. 

One hundred of t h e  l a r g e  asymmetric b u r s t s  were s tud ied  

i n  d e t a i l ,  t h e  frequency d i s t r i b u t i o n  of r i s e  times f o r  t hese  

events being given i n  Figure 5 .  

r i s e  times S 50 mill iseconds.  

b u r s t s  i s  shown i n  Figure 6, and a decay time constant  of 200 

mil l iseconds i s  apparent.  Figure 7, an example of an ind iv idua l  

b u r s t ,  shows a r i s e  time of 30 mill iseconds and a decay time 

of 200 mil l iseconds.  

i n  all these  diagrams. 

About 60% of the  cases  have 

A composite of 75 of t h e s e  micro- 

The E > 60 keV energy window i s  displayed 

Figure 8 gives  samples of a l l  t h ree  energy channels during t h e  

Anderson, e t  a.1. l a t e  morning hours when symmetric b u r s t s  were seen. 



[19663 have a l s o  made f l i g h t s  r ecen t ly  a t  L CY 8.0, but  they have 

observed predominantely t h e  symmetric type of b u r s t s  during t h e i r  

f l i g h t s .  Although one does see the  asymmetric b u r s t s  occasion- 

a l l y  i n  t h e  lower energy channels, it i s  poss ib l e  t o  gene ra l i ze  

t h a t ,  i n  most of t h e  examples of asymmetric microbursts  observed 

during our f l i g h t ,  

h ighes t  counting r a t e  of a l l  t he  channels (see Figure 3). 

symmetric b u r s t s ,  on t h e  o the r  hand, were observed t o  exh ib i t  

comparable responses i n  a l l  three channels. 

t h e  h ighes t  energy channel contained t h e  

The 

To study t h e  photon energy spectrum of t h e  asymmetric 

microburst, we have computed t h e  r a t i o s  of counting r a t e s ,  above 

background o f :  

x - r a p ,  energy > 40 keV x-rays, energy > 20 keV 
x-rays, energy > 60 keV’ x-rays, energy > 60 keV’ and 

x-rays, energy > 20 keV 
x-rays, energy > 40 keV 

at 10 mi l l i second i n t e r v a l s ,  throughout t h e  e n t i r e  dura t ion  of i n d i -  

v i d u a l  b u r s t s .  Figure 9 shows the l a r g e s t  observed bu r s t ,  with t h e  

analog output a t  t h e  top, and the r a t i o s  a t  t h e  bottom. The 
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r a t i o s  have the  lowest values  within 10 mi l l i seconds  of t he  

occurrence of peak counting r a t e s  i n  all t h r e e  channels, and 

t h i s  i nd ica t e s  r e l a t i v e l y  s m a l l  d i spers ions  (I 10 mi l l i seconds)  i n  

t h e  a r r i v a l  of t h e  parent  p r e c i p i t a t i n g  p a r t i c l e s  of d i f f e r e n t  

energ ies  a t  the  production l aye r .  

Although cur emphasis i n  t h i s  paper has been on t h e  

newly observed fast  r i s i n g  asymmetric microbursts,  nevertheless ,  

i t  i s  worthwhile t o  make some comparison with t h e  b e t t e r  known 

types of symmetric bu r s t s ,  observed by u s  during t h e  l a t t e r  

h a l f  of t h e  f l i g h t .  

t imes f o r  both types o f ’ e v e n t s  i s  presented  i n  Figure 10, and 

i t  can be  seen t h a t  t he re  i s  no prominent peaking i n  the  lower 

histogram; t h a t  i s ,  t h e  r i s e  times of  t h e  symmetric micro- 

bursts d isp lay  a wide v a r i a b i l i t y .  

t h e  symmetric events  have r i s e  times I 50 mi l l i seconds  i n  con- 

t ras t  t o  71% i n  t h e  case of  asymmetric events.  

A frequency d i s t r i b u t i o n  of t he  r i s e  

Spec i f i ca l ly ,  only 22% of  

Figures  11 and 1 2  d isp lay  composite asymmetric and 

symmetric microbursts  f o r  t he  energy ranges 40-60 keV, and > 60 

keV, and it can be seen t h a t  the  symmetric microburst  c l e a r l y  

possesses  t h e  s o f t e r  spectrum of t h e  two spec ies  of events.  The 

e-folding energ ies  f o r  both types of events  a r e  s i g n i f i c a n t l y  



higher than those obtained i n  the  v i c i n i t y  of L w 5 t o  6 by o ther  

i nves t iga to r s .  The composite asymmetric b u r s t  spectrum has a,n 

The spectrum e-folding energy, 

slowly sof tens  with E f a l l i n g  t o  - 200' keV near  t h e  end of  t h e  

events.  The spectrum of  t h e  symmetric b u r s t s  hardens during t h e  

r i s e t o  peak i n t e n s i t y ,  at which t i m e  E 

with E 

s p e c t r a  a r e  s u b s t a n t i a l l y  harder  than t h a t  of t h e  background 

r a d i a t i o n .  

f o r  E and i n  considerat ion of the r e s t r i c t i o n s  which a l i m i t e d  

two o r  t h r e e  po in t  determination of E impose, t h e  t r u e  s ign i f i cance  

of these  e-folding energies  i s  l o s t .  The values  s t a t e d  a r e  just 

- 360 keV at peak i n t e n s i t y .  
EO 

0 

- 160 keV and t h i s  sof tens  
0 

eventual ly  f a l l i n g  below 60 keV. I n  both cases  t h e  event 
0 

It must be  remembered here, t h a t  with such l a r g e  values  

0 

0 

presented t o  give a numerical answer and do not  necessa r i ly  imply 

a spectrum of  t h i s  form, charac te r ized  by t h e s e  va lues  of E . 
0 
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SUMMARY AND CONCLUSIONS 

The primary objec t  of t h e  study has been t h e  inves t iga t ion  

of au ro ra l  zone x-ray microbursts,  with high-time r e so lu t ion  

balloon-borne equipment a t  high l a t i t u d e s  (magnetic s h e l l  para- 

meter L - 8) .  

and those co r re l a t ing  the  x-ray microbursts with s a t e l l i t e  obser- 

va t ions  are presented i n  t h e  following companion paper (Oliven, 

e t  al. [1967]). A t h i r d  paper (Oliven and Gurnett  [19671), 

e s t a b l i s h i n g  a connection between microbursts  and VLF phenomena 

a l s o  follows. 

These bal loon results a r e  presented  here in ,  

A new type of microburst  has been observed and repor ted  

he re in  with t h e  c h a r a c t e r i s t i c s  of a hard  energy spectrum, fas t  

r i s e  time, of order  30 mill iseconds,  and a decay of time con- 

stant - 200 mil l iseconds.  Symmetric microbursts,  s imi l a r  i n  

t ime s t r u c t u r e  t o  those  reported by o t h e r s  were a l s o  observed 

during the  l a t t e r  ha l f  of t h e  f l i g h t .  The l a t t e r  occurred a t  

a s l i g h t l y  lower L value and a t  a l a t e r  time, ( l o c a l  t ime 9:30 

i n  con t r a s t  with 4:30), than the  asymmetric microbursts.  



The asymmetric microbursts have a harder  spectrum than 

t h e  symmetric events, as i s  evidenced by t h e  l a r g e  response i n  

t h e  high energy channel (E > 60 keV) as compared t o  t h a t  i n  t h e  

lower channels. I n  cont ras t ,  the  symmetric b u r s t s  are charac- 

t e r i z e d  by comparable responses i n  t h e  lower energy channels 

(20-40 and 40-60 keV). A t y p i c a l  peak f l u x  f o r  t h e  asymmetric 

events  i n  t h e  > 60 keV channel i s  given by J (Ex ray > 60 keV) 

w 20 photons cm sec  . 
0 -  

-2 -1 

The extremely hard photon s p e c t r a  found f o r  t h e  l a r g e r  

events,  (e-folding energies  of the order  of hundreds of keV) 

p l a c e  r a t h e r  s t r i n g e n t  i n s t ruc t ions  on t h e  i n t e r p r e t a t i o n  of 

t h e  events.  

t h e s e  symmetric and asymmetric b u r s t s  a.re assumed t o  be e lec-  

t r o n q  then t h e  x-ray spec t r a  must b e  s c r u t i n i z e d  i n  terms of 

t h e  d i f f e r e n t i a l  energy spec t r a  o f  t h e  parent  e lec t rons ,  wi th in  

t h e  r e s t r i c t i o n s  imposed by t h e  range of t h e  t h r e e  channels and 

t h e  two o r  t h r e e  po in t  determination of t h e  x-ray spec t ra .  

appears necessary t o  p o s t u l a t e  r e l a t i v i s t i c  e l ec t rons  with an 

i n s i g n i f i c a n t  f lux  at lower energies.  

s p e c t r a  with a high energy peak > 400 keV have been deduced by 

Mozer and Bruston [1966] and rap id  f l u c t u a t i o n s  i n  t h e  i n t e g r a l  

If t h e  p r e c i p i t a t i n g  p a r t i c l e s  respons ib le  f o r  

It 

D i f f e r e n t i a l  e lec t ron  
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f l u x  above 400 keV have been seen by Blake, e t  al. [ 19661, and 

t h e  impulsive b u r s t s  repor ted  herein may be an extension of 

t h e s e  r e l a t i v i s t i c  e lec t ron  populations.  

The spec t r a  of t h e  harder  asymmetric b u r s t s  i s  not  as 

e a s i l y  i n t e r p r e t e d  i n  terms of e lec t ron  bremsstrahlung r ad ia t ion .  

One of t h e  poss ib l e  explanations could be t h a t  of  t h e  proton- 

exc i ted  gamma rad ia t ion .  I f  t he  events  were due t o  proton-exci ted 

gamma r a d i a t i o n  (Hoffmann and Winckler, [1961]) then no s p e c i a l  

assumptions about t h e  proton energy spectrum axe necessary.  A s  

an example, a f l u x  of - 10 protons em see  above 0.5 MeV 

( t h e  Injun 3 geiger  counter th reshold)  having a d i f f e r e n t i a l  

power l a w  s p e c t r a l  index of  -5 could account f o r  t h e  l a r g e r  asym- 

met r ic  bu r s t s .  These protons m i g h t  augment t h e  p r e c i p i t a t i n g  e lec-  

t ron  population. A t  t h e  present  time, we have no d i r e c t  evidence 

f o r  t he  cont r ibu t ion  protons may make i n  t h e  production of t hese  

asymmetric x-ray microbursts.  

5 -2 -1 

To summarize, t h e  de t a i l ed  study of t h e  newly observed 

asymmetric x-ray microbursts,  in  addi t ion  t o  t h e  b e t t e r  known 

symmetric microbursts,  has  provided a supplement t o  t h e  knowledge 

o f  fast temporal v a r i a t i o n s  i n  au ro ra l  zone x-rays. The f a s t  

r i s e  times and hard  spec t r a  impose r a t h e r  s t r ingen t  condi t ions on 

t h e  mechanisms involved i n  t h i s  impulsive p a r t i c l e  p r e c i p i t a t i o n ,  



and i n  t u r n  upon t h e  causa t ive  plasma i n s t a b i l i t i e s  within t h e  

magnetosphere. I n  p a r t i c u l a r ,  we no te  t h a t  t h e  asymmetric micro- 

b u r s t  i nd ica t e s  d ipers ion  times of < 10 mil l iseconds f o r  t he  

p a r t i c l e s  respons ib le  for t h e  microburst, implying e i t h e r  a 

l i m i t  on t h e  d is tance  from t h e  source p a r t i c l e  t o  t h e  ea r th ,  o r  

t.hat t h e r e  i s  a s i g n i f i c a n t  p a r t i c l e - p a r t i c l e  o r  p a r t i c l e - f i e l d  

in t e rac t ion ,  so t h a t  t h e  p a r t i c l e s  remain bunched while propagat- 

i n g  through t h e  geomagnetic f i e l d .  
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TABLE 1 

Location Lat i tude Longitude L Value 

Balloon at:  

700 UT 

900 UT 
800 UT 

1000 UT 
1100 UT 
1200 UT 
1300 UT 

1500 UT 

1700 UT 

1400 UT 

1600 UT 

Kotzebue, Alaska 

Kiruna, Sweden 

College,  Alaska 

F l i n  Flon, Manitoba 

F t .  Yukon, Alaska 

P t .  Barrow, Alaska 

F t .  Churchi l l ,  Manitoba 

58.50 
58.50 
58.50 
58.30 
58.30 
58.30 
58.40 
58.40 
58.40 
58.40 
58.50 

(1 1 66.90 
(1) 67.80 
(1) 66.90 
(2) 56.00 
(1) 66.60 
(1 1 71.50 
(2) 58.80 

266.20 
265.90 
265.30 
265.10 

263.90 

262.90 
262.30 
261.80 
261.20 
197.50 
20.40 

264.50 

263.40 

197.50 
258.00 

203.70 
265.90 

214.70 

8.457 
8.426 
8.362 
8.192 
8.128 

8.081 
8.025 
7.957 
7.969 
7.897 
5.208 
5.417 
5.208 
6.120 
6.468 
8.263 
8.660 

8.064 

Ind ica t e s  low t i m e  reso lu t ion  equipment flown from these  p o i n t s  

(2) Ind ica t e s  f a s t  time reso lu t ion  equipment flown from these  po in t s .  



FIGURE CAPTIONS 

Figure 1 Block diagram of the  e n t i r e  system assoc ia ted  with t h e  

x-ray de tec tor .  

Figure 2 Typical appearance of f a s t - r i s e  t ime x-ray microbursts .  

I n  t h e  top  data-segment compound events  a r e  seen, whereas 

i n  t h e  bottom two examples combs o r  t r a i n s  and s i n g l e  

b u r s t s  can be  iden t i f i ed .  V e r t i c a l  s ca l e s  of b u r s t s  

a r e  analog. 

Figure 3 Two examples of asymmetric microbursts  as they appear, 

s ing ly ,  i n  all t h r e e  energy channels. All v e r t i c a l  

s ca l e s  of bursts a r e  analog. 

Figure 4 Comparison of t h e  asymmetric microbursts  seen i n  t h e  

e a r l y  morning hours,  a more symmetric type of b u r s t  

seen l a t e r  i n  t h e  morning and t h e  symmetric type of 

microburst  seen l a t e  i n  t h e  morning and s i m i l a r  t o  

t h e  type commonly observed by o ther  experimenters 

(e .  g., Anderson and Milton [ 19641 ) . 
b u r s t s  have been normalized t o  t h e  t o p  burst .  

The lower two 

Figure 5 Di s t r ibu t ion  of r i s e  times for 100 l a r g e  zsymmetric 

microbur s t s  . 
Figure 6 Composite time p r o f i l e  of 75 ind iv idua l ly  analyzed 

asymmetric microbursts.  

Figure 7 Time p r o f i l e  of a typ ica l  l a r g e  asymmetric microburst  

revea l ing  t h e  c h a r a c t e r i s t i c  t ime cons tan ts .  
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Figure 8 The appearance i n  three energy channels of t h e  sym- 

met r ic  microburst  species  observed l a t e  i n  t h e  morning, 

August 11, 1965. Ver t i ca l  s ca l e s  a r e  analog. 

Figure 9 Largest  observed asymmetric microburst  f o r  t h r e e  energy 

windows and t h e  r a t i o s  between t h e  var ious  energy channels. 

V e r t i c a l  s c a l e  of  bu r s t  i s  analog. 

Figure 10 Comparison between t h e  d i s t r i b u t i o n  of r i se  times 

f o r  asymmetric and symmetric microbursts .  

Figure 11 Comparison curves o f  the energy channels E > 60 keV 

and 40 keV 5 E 5 60 keV f o r  25 asymmetric microbursts.  

Figure 1 2  Composite curves of the energy channel E > 60 keV and 

40 keV s E I; 60 keV f o r  25 symmetric microbursts .  
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ABSTRACT 

High-time r e so lu t ion  x-ray equipment flown from Ft .  

Churchill ,  Manitoba, Canada on August 11, 1965 provides evi-  

dence f o r  species of au ro ra l  zone x-ray microbursts with an 

asymmetric time p r o f i l e .  These asymmetric microbursts a r e  

character ized by a r i s e  of t he  form 1 - e-t/TR where T~ i s  about 

30 mill iseconds,  and a decay of the form of e-t'TD where T~ i s  

about 200 mill iseconds,  and a t y p i c a l  peak f l u x  f o r  t h e  larrg- 

e s t  events of Jo (Exeray > 60 keV) - 10 photons 
2 see-' a t  

10 g/cm'. 

t h e  ea r ly  morning hours ( a f t e r  4:30 local t ime) and an episode 

of t h e  more common symmetric microbursts began a f t e r  9:3O l o c a l  

time. The f a s t  r i s e  times, and the lack of dispers ion 2 10 

mil l iseconds i n  t h e  x-ray b u r s t s  observed a t  d i f f e r e n t  energies 

implies  r e s t r i c t i o n s  on t h e  nature,  and propagation of t he  

parent  e lec t ron  microbursts.  

A n  episode of these  asymmetric b u r s t s  w a s  observed i n  


